Introduction
Coronary bifurcations are involved in 15-20% of all percutaneous coronary interventions (PCIs) 1 and have remained challenging. Since the morphology of coronary bifurcation is diverse, numerous techniques of bifurcation stenting have been developed. For the time being, the European Bifurcation Club recommends the simpler strategy (provisional approach) for bifurcation stenting. 2 The clinical advantage of the double-balloon kissing strategy in a single-stenting protocol is still unclear, despite the theoretical advantages in terms of the restoration of bifurcation anatomy, expansion of the proximal MV, apposition of jailing struts, and balloon dilatation of ostial sidebranch (SB) lesions. 2 Optical coherence tomography (OCT) is a catheter-based and high-resolution cross-sectional imaging modality that acquires images at a resolution of approximately 10-20 lm, 3 facilitating the quantification of clinically important coronary plaque microstructures, including macrophages, thin fibrous caps, collagen, thrombi, stent strut apposition, and stent coverage. However, only in crosssectional images, it is difficult to determine the side-branch ostial area (SBOA), the position of the stent link at the SB ostium, and the precise deformation of stent strut at the SB ostium. 3D reconstruction of OCT images is useful to assess the configuration of overhanging stent in front of the SB ostium and to confirm the rewiring position into the SB. [4] [5] [6] Earlier studies demonstrated that 3D-OCT may help to achieve the distal rewiring and favourable stent positioning against SB ostium, leading to a reduced incidence of non-apposed struts. 4, 7 However, the fate of SB ostium after kissing balloon inflation (KBI) is not fully understood. Here, we retrospectively evaluated the influence of the jailing configuration and guidewire rewiring position in front of the SB ostium before KBI against the SBOA at follow-up using 3D-OCT.
Methods

Study population
The cases of all consecutive patients who underwent main-vessel (MV) stenting with KBI for coronary bifurcation lesions under OCT guidance from October 2011 to October 2015 and follow-up OCT imaging between 6 and 12 months later were extracted from our database. We excluded patients with haemodialysis, ST-elevated myocardial infarction (STEMI), a history of PCI for the target vessel in the last 1 year, or a small SB (<2 mm by visual assessment). We also excluded cases with an incomplete detection of the SB ostium and guidewire rewiring position due to inadequate blood clearance and the guidewire shadow hindering the visualization of the SB ostium.
Quantitative coronary angiography
In each patient's case, a comprehensive analysis of bifurcation quantitative coronary angiography (QCA) was performed at pre-procedure, postprocedure (baseline), and follow-up using the dedicated software QAngioXA version 7.3 (Medis Specials, Leiden, the Netherlands). 8 The reference vessel diameter, minimum lumen diameter, and percent diameter stenosis of each segment at each time point were measured. The late lumen loss was also calculated. The bifurcation carina angle (between the distal main vessel and the side branch) and the take-off angle (between the proximal MV and the SB) were measured. 9 Procedure and OCT image acquisition
In each case, the bifurcation stenting strategy was MV stent implantation crossing over the SB with final KBI. catheter (Terumo, Tokyo, Japan) after the guidewire recrossing into the SB, at post-procedure, and at follow-up. Automatic pullbacks were performed at 18 mm/s for FD-OCT and at 20 mm/s for OFDI during the contrast injection for blood clearance from the lumen area using a power injector. The imaging catheter was inserted at least 10 mm distal to the MV stent, and the pullback continued until either the guiding catheter was reached or the maximal pullback length was completed.
Cross-sectional OCT image analysis
The quantitative, offline analysis of the OCT images was performed using the proprietary computer software (St. Jude Medical). In accordance with a previous report, we defined the regions of interests (ROIs) as follows: the proximal MV segment (extending 5 mm proximal to the first crosssection where the SB was visible), bifurcation (divided into two180 halves towards or opposite the origin of the SB), and the distal MV segment (extending 5 mm from the last cross-section where the SB was visible). 10 On the basis of the comprehensive assessment, the lumen area and stent area were measured in the distal and proximal MV segments at 1 mm intervals. 3 To evaluate the asymmetric expansion of the stent, we calculated the stent eccentricity index (EI) as the minimum stent diameter/maximum stent diameter. The percent neointimal hyperplasia (%NIH) was calculated at follow-up. 11, 12 Frame-by-frame cross-sectional analyses were done by an experienced analyst (T.F. and T. O.) , counting every single strut on each frame in the bifurcation segment. 'Non-apposed strut' was defined as a separation of at least one stent strut from the vessel wall. Struts were classified as non-apposed struts if the distance between the strut reflection and the lumen contour was bigger than the specific strut thickness plus the axial resolution of OCT (14 lm).
13,14
The following cut-off points were used for each stent type: biolimuseluting stent (BMX-J V R , Biosensors, Tokyo, Japan), 164 mm; zotarolimuseluting stent (Resolute Integrity V R , Medtronic, Minneapolis, MN, USA), 111 mm; everolimus-eluting stents (XIENCE Alpine V R , Abbott Vascular, Santa Clara, CA, USA and PROMUS Element V R , Boston Scientific, Natick, MA, USA), 103 mm; and sirolimus-eluting stent (Ultimaster V R , Terumo, Tokyo, Japan), 109 mm. All distances were measured in perpendicular cross-sections from an OCT pullback in the MV.
3D-OCT image reconstruction and analysis
In accordance with a previous report, we reconstructed 3D-OCT images using the in-house software which detected stent struts automatically and the volume-rendering software INTAGE Realia (Cybernet, Tokyo, Japan). 4 The configuration of each jailing strut in front of the SB ostium and the rewiring position were assessed on a 'cut-away' view and a 'flythough' view of the 3D-OCT image by two independent analysts (T.F. and T. O.) . The configurations of the jailing struts were classified as follows: (i) link-free carina type, there is no longitudinal stent link between crowns at the carina and (ii) link connecting to carina type, there is a longitudinal link connecting to the carina. These classifications were based on a previously described report. Guidewire recrossing position was also assessed. The distal cell was defined as the larger area enclosed by the carina and the stent strut having at least one distal top of stent hoop located in front of SB ostium.
We divided the cases of 37 patients into two groups on the basis of both the jailing configuration and the rewiring position. We defined the cases that achieved both distal rewiring and the link-free carina configuration as the FCD group, and we defined the other cases as the Non-FCD group. The differences in all parameters between these two groups were assessed.
3D-OCT cut-plane analysis of the SB ostium
The MV pullbacks were imported as DICOM files into the validated software QAngioOCT (Medis Specials). OCT imaging data were reconstructed in 3D images; the SB was identified in the longitudinal and crosssectional OCT images, and the cut planes were rotated to align with the SB centreline to capture the true morphology of the SB ostium. The area
of the SB ostium was measured by a cut-plane analysis that was previously validated. 15 The position and orientation of the cut plane was set on the basis of the cross-sectional and longitudinal images. In the cross-sectional image, the cutplane line was put on a carina line and adjusted perpendicular to the lumen centre. In the longitudinal image, the cut-plane angle was arranged to the line of the smallest area. (Figure 1 ) we defined this area as the SBOA and calculated the percent serial change in the SBOA using the following formula: (Follow-up SBOA -Baseline SBOA)/Baseline SBOA Â 100.
In addition, we counted the number of compartments divided by the stent strut at the SB ostium (NC) in 3D images at baseline and follow-up, and we calculated the change of NC between the baseline and follow-up. 16 ,17
Statistical analysis
Continuous variables are presented as the mean ± standard deviation (SD) or median and interquartile range (IQR) due to a rejected normal distribution, and they were tested for normal distribution with the use of the Shapiro-Wilk test. Categorical variables are summarized as frequencies and percentages. For continuous variables, we used the Wilcoxon rank-sum test for comparison between two groups. For categorical variables, the v 2 test was used for comparisons.
Two expert analysts (T.F. and T.N.) measured the SBOA in the cut-plane analysis in 23 randomly selected SBs, using the BlandAltman method. 18 Analysts 1 and 2 measured the SBOA of each SB independently and were blinded to the other's results. The statistical analysis was performed with JMP ver. 12 software (SAS Institute, Cary, NC, USA), and a two-tailed P-value < 0.05 was defined as significant.
Results
Inclusion and exclusion criteria
Fifty patients who underwent MV stenting with KBI for bifurcation lesions under OCT guidance and the follow-up were extracted from our database. Of these, 13 patients were excluded. The main causes of exclusion were haemodialysis (n ¼ 2), a history of STEMI (n ¼ 1), a history of PCI for the target vessel (n ¼ 1), incomplete detection of the SB ostium and rewiring position (n ¼ 3), and a small SB (n ¼ 6). A final total of 37 patients were assessable for jailing configuration and guidewire rewiring position on 3D-OCT.
3D-OCT analysis
Of the 37 assessable cases, we identified 21 patients with the linkfree carina type (1 patient with proximal rewiring and 20 patients with distal rewiring), and 16 patients with the link connecting to carina type (6 patients with proximal rewiring and 10 patients with distal rewiring).
For the following analyses, the 37 patients were divided into the 20 FCD patients and the 17 Non-FCD patients.
Patients, lesions, procedural characteristics and QCA
Patients, lesions and procedural characteristics are summarized in Table 1 . Although the stent size in the FCD group tended to be smaller than that in the Non-FCD group, there was no significant difference in procedural characteristics between the two groups. There was no occurrence of death, myocardial infarction, or target lesion revascularization during the follow-up period in this study cohort.
In the QCA analysis, there was no significant difference between the two groups, except for the percent diameter stenosis in the proximal MV at post-procedure ( Table 2) .
Cross-sectional OCT analysis
At the distal MV, the stent areas at follow-up and the EI at baseline in the FCD group were significantly smaller than those in the Non-FCD group. The %NIH values were not significantly different between the groups. The incidence of uncovered struts at the proximal MV in the FCD cases was significantly more frequent than that in the Non-FCD cases. The incidence of non-apposed struts at the baseline SB in the FCD group was significantly lower than that in the Non-FCD group. At the follow-up, no significant difference was found in the incidence of non-apposed struts and uncovered struts at the SB ostium ( Table 3) .
3D-OCT cut-plane analysis of the SB ostium
The SBOA of the FCD group was significantly increased from baseline to follow-up [3. (Figure 3) . At post-procedure, the mean number of compartments in the FCD group was significantly smaller than that of the Non-FCD group: 1.1 ± 0.3 vs. 3 .0 ± 1.5, P < 0.0001. The FCD cases had at most one or two compartments, and no change in the number of compartments at follow-up was identified. In contrast, the Non-FCD cases had from 1 to 5 compartments, and the number was decreased at follow-up. The number of compartments at baseline and the serial change in the number of compartments shown by 3D-OCT images of the Non-FCD group were significantly larger than those of the FCD group (Figure 4) . A representative case is shown in Figure 5 .
Reproducibility assessment of 3D-OCT cut-plane analysis of the SB ostium 
Discussion
The main findings of this study were as follows: (i) The comparison of the serial changes in the SBOA from baseline to follow-up based on the cut-plane OCT analysis revealed that the SBOA in the FCD (ii) The number of compartments in the Non-FCD group was significantly decreased at follow-up compared with the FCD group. The small compartments in the Non-FCD group were filled with tissue. (iii) Although the incidence of non-apposed struts at the SB in the Non-FCD group was greater than that in the FCD group at postprocedure, the frequency of jailed struts were comparable between the groups at follow-up.
In bifurcation stenting, a provisional stent strategy such as singlestent implantation crossing over the SB is generally recommended. The clinical advantage of KBI for SB treatment is still debatable. 19, 20 Theoretically, KBI is performed to widely open the SB ostium and to avoid jailed struts from the SB ostium. However, in the elliptical dilatation of a proximal MV, stent deformation was reported. 21 Moreover, even after KBI, jailed struts at SB ostium have remained. For these reasons, the clinical advantage of KBI could be hampered.
Alegría-Barrero et al. 22 reported that the conformation of distal rewiring by 2D-OCT guidance could reduce the residual jailed struts at the SB ostium. In addition, achievement of both favourable jailing configuration and distal rewiring related to reduce remained jailed struts compared with other conditions when KBI was performed. 4 However, the advantages of residual jailed strut reduction at the SB ostium have not yet been investigated. This study is the first to demonstrate a difference in the serial change of SBOA according to the jailing configuration and rewiring position before KBI.
Mechanism of serial changes in the SBOA
In general, the SB orifice without a stent strut is well opened at follow-up if the SB flow is not disturbed after angioplasty. Previous studies showed that the lumen area and diameter of the SB ostium measured by OCT and QCA, respectively, were increased at followup after balloon angioplasty. 23, 24 Although the mechanism of SB ostial enlargement is not well understood, four plausible explanations for this phenomenon are as follows: (i) remodelling of the plaque geometry at the origin of the SB after increasing the flow rate in the parent vessel following stent implantation 25 ; (ii) reversal of a superimposed acute coronary spasm 16 ; (iii) healing of an arterial injury, such as dissection, at the ostium 26 ; and (iv) the disappearance of a thrombus. 23 Nakamura et al. 17 recently reported that a jailing complexity associated with the reduction of the SBOA assessed by a cut-plane analysis of OCT regarding the non-treated jailed SB. In their report, small compartments created by SB jailing were also filled with tissue at 1 year after implantation of the second-generation drug-eluting stent. 17 Moreover, Fujino et al. 27 demonstrated a high correlation between the number of stent struts and ostial area narrowing, and they evaluated the mechanism by the flow analysis. These findings were confirmed by those of this study. An accumulation of non-apposed struts might aggravate blood flow turbulence and the foci of low flow at the stent margins, leading to the accumulation of local fibrin and platelet deposition and the gradual formation of a thrombus. 28, 29 Neointimal proliferation or fibrin and microthrombus deposition might be associated with the progression of stenosis at the SB orifice. 
Clinical advantage of maintaining the SBOA
Our present findings demonstrated that the favourable jailing configuration for KBI and distal rewiring could maintain the SBOA at 1 year after the procedure. However, the clinical outcomes including SB restenosis did not differ between the FCD and Non-FCD groups.
There was also no difference in the percent diameter stenosis and late loss at the SB segment derived by QCA. A previous study of fractional flow reserve revealed that a QCA is unreliable for assessing the functional severity of jailed SB ostial stenosis. 30 In addition, a study of morphology explained that a QCA could not be used to assess orthogonal projections of the SB ostium. 10, 31 It is often difficult to distinguish the SB ostia by coronary angiography, and thus a QCA may not provide an accurate measurement of the SB ostium. To accurately assess the SB ostium, OCT pullbacks at the SB or a cut-plane analysis of OCT pullbacks at the main branch might be required. It was reported that 2.05 mm 2 of the SBOA was the cut-off value for fractional flow reserve (FFR) < _0. 8. 32 According to this criterion, 4 of 17 (23.5%) cases were found at follow-up in this study's Non-FCD group but in only 1 of 20 (5.0%) cases in the FCD 
Consideration of other parameters' differences
We observed that the stent size, stent area, and reference vessel diameter at the distal MV in our FCD group tended to be smaller than those in the Non-FCD group. Although the SBOA at baseline showed no significant between-group difference, the link-free carina configuration may occur in smaller vessels for the balance of a link in the stent circumference. We did not investigate predictors of the link-free configuration in this study because of the insufficient number of enrolled patients. Further investigations of this issue are warranted. In addition, the proximal MV diameter stenosis of our FCD group at baseline was significantly smaller than that of the Non-FCD group, and in the cross-sectional OCT image analysis, the number of uncovered struts at the proximal MV in the FCD group was significantly greater than that in the Non-FCD group. The reason(s) for these differences are not yet known. Larger scale studies with greater numbers of patients are needed to conduct more detail investigations.
Limitations
Our study has several limitations. One is the potential risk for selection bias, because this study was a non-randomized and retrospective study at a single centre. The patient number was small, and the follow-up period was short. In particular, there was only one case of proximal rewiring with the link-free carina type, and thus a more detailed analysis of link-free carina-type cases could not be done. We did not conduct a comparison of stent types. The clinical impact of a long-term use of 3D-OCT for coronary bifurcation treatment was also not examined. A large number of patients in randomized, multicentre, and prospective clinical studies should therefore be assessed.
Conclusion
This serial OCT study demonstrated that the achievement of both distal rewiring and link-free carina configuration may be important for the preservation of the SBOA after MV stenting with KBI for coronary bifurcation lesions.
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